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L scores, 47 had Grade 3 K-L scores, and 37 had Grade 4 K-L 
scores. All knees had documented osteophytes and sclerosis on 
radiographs. 87 knees had joint space narrowing. At arthroscopy, 
ipsilateral tibial and femoral lesions in one compartment were 
noted in 49 knees, and ipsilateral tibial and femoral esions in both 
the medial and lateral compartments were noted in 17 knees. 
Meniscal pathology was present in 78 knees (37 had medial and 
lateral pathology). In comparing knees with Grade 3 and 4 K-L 
scores, there was no difference in age. There was a difference be- 
tween K-L Grade 3 and 4 and gender, with more males having a 
Grade 4 K-L score (p=0.001). There was a difference between the 
number of cartilage surfaces with Grade 3 or 40uterbridge chon- 
dral damage, and K-L Grade 3 and K-L Grade 4 knees. Knees 
with Grade 4 K-L had more Grade 3 or 40uterbridge lesions 
on 3 or 4 tibial and femoral surfaces than Grade 3 K-L knees 
(p=0.001). Grade 4 K-L knees also had significantly more ipsilat- 
eral chondral lesions than Grade 3 K-L knees (p=0.000). There 
was a significant difference between Grade 3 and 4 K-L knees 
and the presence of meniscal pathology(p=0.032). However, of 
those knees with meniscal pathology, the presence of both me- 
dial and lateral meniscal pathology was not different between K-L 
Grade 3 and K-L Grade 4.(p=0.49) 
Conclusion: In this study population, a difference was found in 
gender, chondral degeneration, and meniscal pathology between 
Grade 3 K-L and Grade 4 K-L knees. The K-L scale can differen- 
tiate between moderate and severe osteoarthritis. 
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Aim of the study: To evaluate a novel fully automated 3D graph 
searching cartilage segmentation algorithm on images of thin 
congruent talus cartilage layers and compare quantitative mea- 
surements against an independent standard. 
Methods: 8 cadaveric human ankles were imaged at 1.5T using 
an isotropic 3D T1 weighted FLASH sequence with water exci- 
tation; resolution 0.3mm 3, scan time 17mins 14secs. Each data 
set was interpolated to 0.15mm 3 and segmented using the au- 
tomated 3D graph searching algorithm. Two independent stan- 
dards were used for comparison; firstly 50 randomly selected 
slices from the 8 MR volumes were manually segmented. Coronal 
and sagittal slices were used to assess the inherently 3D seg- 
mentation against 2D manual segmentation and the positioning 
errors of the automated segmentation compared to the manual 
segmentation were calculated for each slice. Secondly, following 
MRI each ankle was disarticulated and imaged using a previously 
reported high resolution stereophotography method; mean carti- 
lage thickness and volume were measured for comparison to MR 
measurements 
To assess reproducibility of the automated segmentation a fur- 
ther 5 independent initializations of the automated segmentation 
algorithm were performed on each of the 8 image sets. The posi- 
tion and size of the initializing spheres were varied and the mean 
difference 4- S.D. of cartilage thickness compared to the original 
automated segmentation was calculated 
Results: The average automated 3D computation time was 
4mins 30secs. The mean talar cartilage thickness from auto- 
mated segmentation was 1.16 4- 0.1mm. The mean talar carti- 
lage thickness from stereophotography measurements was 1.21 
4- 0.17mm. Mean talar cartilage volume from automated segmen- 
tation was 2.61 4- 0.34ml and the mean cartilage volume from 
stereophotography measurements was 2.62 4- 0.49m1. 
The RMS surface positioning errors of the automated computer 
segmentation compared to expert manual segmentation showed 
subvoxel accuracy and were 0.03 4- 0.01 mm and 0.04 4- 0.01 mm 
for the bone and cartilage surfaces, respectively. 
For the repeated initializations the mean difference of mean thick- 
ness compared to the original automated segmentation was 0.05 
4- 0.04mm; differences were unbiased. 
Conclusions: The reported technique has achieved highly accu- 
rate, rapid, automated segmentation of thin, congruent alar car- 
tilage, including the highly curved regions over the talar shoul- 
ders and compares favourably to independent standards. This 
approach addresses a number of the existing challenges asso- 
ciated with traditional techniques for segmentating cartilage sen- 
sitive MR images which are not suitable for fast automated seg- 
mentation. This new technique has considerable potential for fu- 
ture use in a clinical setting and large clinical trials. 
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Aim: To determine the utility of non-invasive imaging techniques 
for early detection andlongitudinal progression of age-related e- 
generative joint disease in a non-human primate model for spon- 
taneous osteoarthritis. 
Background: OA develops spontaneously in rhesus monkeys, 
and the study of medial compartment disease in the species has 
provided some model for studying naturally occurring OA. Both 
the prevalence and severity of knee OA increase with age in this 
species. 
Justification for animal use: Because the etiology of OA is 
poorly understood and the disease progress slowly until signifi- 
cant joint impairment has occurred; designing human studies to 
understand the pathophysiology of the disease has been almost 
impossible. The use of murine and canine animal models to study 
OA, although useful, have generated much skepticism as to how 
well these models can truly mimic the disease in humans. In par- 
ticular, the study of therapeutic effects in these disease models 
are often uncertain. 
The rheses macaque is the most suitable animal model for com- 
parative studies of OA because the non-human primate: 1 ) has a 
close biological relationship to humans; 2) is bipedal. 3) sponta- 
neously develops age-related OA, in a similar distribution to the 
disease found in humans. 
Methods: Specimens were gathered through the National Insti- 
tutes of Health Tissue Bank. All specimens were collected post- 
mortem and the excised limbs with intact joint capsule stored in 
buffered formalin. 
The fixed joints were imaged using an Imtek MicroCat-II x-ray 
computed tomography (CT) system. Segmentation of the images 
was obtained to determine the bone mineral density. The micro- 
MRI scanning was done on a 4.7 Tesla Oxford Instruments 40 
cm horizontal bore super conducting magnet. All images were 
analyzed using the Amira 3-D visualization software 
Results: The findings reported are from the analysis of knee 
joints from animals, age ranging from: 4 years, 8 years, 14 years, 
25 years, 36 years and 45 years of age. 
The micro-CT images reveal a progressive decrease in miner- 
alization of the subchondral bone, and disintegration of the nor- 
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mal bony architecture at the articular surfaces of both the tib- 
ial plateau and femoral condyles in the aging rhesus macaques. 
These images also confirmed marked extraarticular ossification 
and osteophytosis. 
The corresponding micro-MRI images confirmed the association 
of cartilage loss in the weight bearing regions of the joint and 
defined areas of soft tissue alteration and degeneration in and 
around the joint space. These images were most valuable in the 
quantitation of cartilage loss as it relates to the bone remodeling 
process in progressive OA. 
Conclusions: These results indicate that 4.7T micro-MRI and 
micro-CT can be used in the early detection of microscopic 
changes in the bone and cartilage in early degenerative disease 
of cartilage and bone respectively, in rhesus macaques. These 
methods are also valuable in the long-term studies of OA disease 
progression. 
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Introduction: Femoroacetabular impingement (FAI), in which 
femoral deformities lead to damage of the labrum and/or carti- 
lage, has been proposed as a mechanism explaining idiopathic 
osteoarthritis in non-dysplastic hips. This hypothesis is supported 
by histological analysis showing that femoral head cartilage from 
young patients with impingement exhibits degenerative changes 
similar to OA. Further tests of this hypothesis will rely on identify- 
ing a noninvasive method for assessing cartilage degeneration at 
the hip. Our objective was to assess the feasibility of using dGEM- 
RIC (delayed gadolinium-enhanced magnetic resonance imaging 
of cartilage) to assess glycosaminoglycan (GAG) distribution in 
articular cartilage of patients with hip impingement. 
Methods: Three-dimensional dGEMRIC was performed on four 
patients diagnosed with femoroacetabular impingement syn- 
drome (hip pain, positive impingement test) and four controls 
matched for age and body mass index. All subjects were intra- 
venously injected with 0.2 mM/kg Magnevist and asked to per- 
form hip rotations for 10 minutes followed by 20 minutes of walk- 
ing to facilitate diffusion of the contrast agent into the cartilage. 
Imaging started 75 minutes after injection. We used a Philips In- 
tera 3T scanner with a flexible surface coil around the hip. T1 
maps for 20 slices were generated from true sagittal images us- 
ing a 3D IR-TFE sequence with the following parameters: TR/TE 
= 4.7/1.6, TI = 1.6, 1.2, 0.8, 0.4, 0.2, 0.15, 0.1 s, FOV = 220 mm, 
Matrix: 256 x 256 (interpolated to 512 x 512), 3mm slice thick- 
ness. Scan time was approximately 35 minutes. 
Results: In two of the four subjects, the symptomatic subjects 
had dGEMRIC indices that were more than 150 ms lower than 
the matched controls and fell in the range of values for subjects 
with osteoarthritis in a previous study (Table 1). In the other two 
subjects the differences in dGEMRIC index were small. In all but 
Table 1. Average T1 over four slices for four patients and their matched 
controls. ROl's were divided into anterior and posterior 
Average T1 for Four Slices 
Patient T1 (ms) Control T1 (ms) 
No. Sex/Age Anterior Posterior Sex/Age Anterior Posterior 
1 F-19 630 569 F-24 779 792 
2 M-36 453 577 M-34 726 793 
3 M-40 624 636 M-35 614 725 
4 M-36 692 711 M-34 691 751 
one of the eight subjects the dGEMRIC index was lower in the 
anterior region than in the posterior region. 
Discussion: Our experience with the protocol and these re- 
sults suggest that dGEMRIC can be used to assess cartilage 
changes in studies of femoroacetabular impingement. These re- 
sults suggest that there are detectable changes in cartilage in 
some patients with femoroacetabular impingement, but no de- 
tectable changes in others. They also suggest that cartilage de- 
generation may be localized in FAI, which supports dividing the 
hip into regions of interest for analysis. 
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Introduction: Canine elbow osteoarthritis (eOA) is a common, 
naturally-occurring, rapidly progressing disease. Non-invasive 
anatomical outcome measures in the live dog are currently non- 
existent. The aim of this study was to validate a magnetic reso- 
nance imaging (MRI) protocol for the assessment of articular car- 
tilage volume (ACV), with a view to using this information to deter- 
mine rate of disease progression in cases of eOA. This naturally- 
occurring model potentially provides a means to evaluate candi- 
date structure-modifying agents. 
Materials & Methods: Six radiographically normal elbows from 
three medium-sized, mixed-breed canine cadavers (two male & 
one female, age 1-2 years) were selected from dogs euthansed 
for reasons other than orthopaedic disease. All six limbs were 
scanned in a 1.0T MR scanner (Gyroscan, Philips) using the 
3D-FFE-FS sequence - a 3D, fat-suppressed, gradient echo se- 
quence as has been validated previously for ACV measurements 
in the human knee. Following scanning the joints were assigned 
randomly to have either cartilage dissection (group 1) or sagittal 
sectioning (group 2). 
Group 1 elbows had their bony components (humerus, radius & 
ulna) dissected free from associated soft-tissues. The relevant 
bone ends (capitulum, radial head & ulnar notch/coronoid pro- 
cesses) were then laser-scanned using a high resolution laser 
scanner (DT1200, Laser Design Inc. MN). The cartilage was 
then removed from the bone ends, and the scanning process 
repeated. Using proprietary software a differential volume figure 
was calculated. 
Group 2 elbows were frozen and sectioned longitudinally into 
